OctetRed384 data for DNA-ligand binding to CAII General procedure for determining on-DNA Kd's: SAX biosensors were pre-incubated in buffer (PBST (0.1 M sodium phosphate, pH 7.4, 0.15 M NaCl, 0.02% tween-20)) for 10 minutes. A reference well (no target protein) was used in all experiments and were performed at 30 °C Baseline 1: (buffer) 60 s Loading 1: (1 µM ssDNA′-5′-biotin in buffer) approx. 30 s or until 80 -90 % signal saturation Baseline 2: (buffer) 60 s Loading 2: (0.5-5 µM 5′-ligand-ssDNA in buffer) approx. 120 s or until signal stabilizes Baseline 3: (buffer) 60 s Association: (varying CAII concentrations) 300 s or until signal stabilized Dissociation: (buffer) 300 s or until signal returns or baseline or > 10 % decreased Example raw data output:
Biosensor A8: no CAII Biosensor B8, C8, D8, E8, F8: increasing concentrations of CAII Biosensor G8: non-ligand DNA in 20 µM CAII
GL-CBS-ssDNA to CAII

Local fitting Conc. (nM) KD (M) KD Error kon(1/Ms) kon Error kdis(1/s) kdis Error Full X^2
Full R^2 62. 5 Oligonucleotide sequences and modifications ssDNA-
Abbreviations for modifications within sequences are given as used by Integrated DNA Technologies (IDT).
Synthesis of ligands on DNA
GLCBS-ssDNA was prepared by a modified acylation conditions described in the main text 1 . Briefly, the 5´-amine modified ssDNA was immobilized on DEAE sepharose in a solid phase synthesis cartridge with DEAE bind buffer and then equilibrated in MeOH. The acylation reaction mixture (50 mM Fmoc-Gly-OH, 50 mM EDC-HCl, 5 mM HOAt in 40:60 DMF:MeOH) was incubated for 30 minutes. The reaction mixture was then eluted and a fresh acylation reaction mixture was prepared and incubated again for 30 minutes at RT. The reaction mixture was eluted and the resin was washed with MeOH and then DMF. Deprotection of the Fmoc protecting group was completed by incubating the cartridge in 20 % piperidine in DMF for 30 minutes at RT. The deprotection mixture was eluted and the resin washed with DMF and then MeOH. Fmoc-L-Leu-OH was then coupled and deprotected using the sample procedure. The resulting dipeptide-ssDNA conjugate was capped 
Synthesis of reactive groups
4-Azidobenzoic acid was prepared as previously described 4 . To 9 mL H2O, 1.62 g (8.52 mmol, 8.52 eq.) p-toluenesulfonic acid monohydrate and 0.137 g (1.00 mmol, 1.00 eq.) 4-aminobenzoic acid and was added and stirred until dissolved. Then, 0.621 g (9.00 mmol, 9.00 eq.) sodium nitrite was added slowly over 5 minutes. The mixture was stirred at RT for 30 minutes, followed by the slow addition of 0.104 g (1.60 mmol, 1.60 eq.) resulting in an immediate release of N2 and formation of a white ppt. The mixture was stirred for an additional 30 minutes then filtered, washed with water and dried, yielding 0.088 g (54 %) of white solid. NHS 5-hexynoate was prepared as previously described 5 . To 200 mL DCM, 0.500 g (4.46 mmol, 1.00 eq.) 5-hexynoic acid was stirred with 0.538 g (4.68 mmol, 1.05 eq.) N-hydroxysuccinimide with 0.897 g (4.68 mmol, 1.05 eq.) EDC-HCl at RT for 7 hours. The reaction mixture was diluted and washed with H2O, NaHCO3 (aq), and sat. NaCl 4-[2-(hex-5-ynoylamino)ethyl]benzenesulfonyl fluoride was prepared as follows: in 10 mL DCM, 0.460 g (2.40 mmol, 1.2 eq.) EDC-HCl and 700 μL (5.0 mmol, 2.5 eq.) DIEA was added with 110 μL (2.00 mmol, 1.0 eq.) 5-hexynoic acid and stirred for 5 minutes at 0 °C under Ar. To this, 0.575 g (2.4 mmol, 1.2 eq.) 4-aminomethylbenzenesulfonyl fluoride-HCl was added portionwise while stirring at 0 °C. The mixture was allowed to slowly warm to RT over 6 h. The reaction was then diluted with 100 mL DCM and washed 2x 100 mL half-saturated NaHCO3 (aq), 3x 100 mL 0.1M HCl (aq), sat. NaCl (aq), and then dried over MgSO4 and concentrated in vacuo to give 0.384 g of white solid (69 % 6-Azidocaproic acid was prepared as previously described 6 . To 5 mL of DMF, 0.782 g (4.00 mmol, 1.0 eq.) 6-bromohexanoic acid was stirred with 0.520 g (8.00 mmol, 2.0 eq.) NaN3 for 12 h at 85 °C. The reaction was cooled to RT then diluted with water and extracted with DCM. The combined organic phases were washed with 0.1 M HCl (aq), brine, and then dried over MgSO4, and concentrated in vacuo to give 0.525 g (83 %) of yellow oil. 1 H-NMR (300 MHz, CDCl3) δ 3.28 (t, J = 6.6 Hz, 2H), 2.32 (t, J = 7.2 Hz, 2H), 1.62 (m, 4H), 1.42 (m, 2H).
Synthesis of reactive groups on DNA
3′-Diazirine-5´-FAM-ssDNA′ (5) ssDNA′-3′-CapN3-5´-FAM was prepared by coupling 6-azidohexanoic acid to ssDNA´-3´-NH2-5´-FAM using the same procedure as for 5. MALDI: (M-H) -7020.83 (calcd. 7018.8). *Diazotransfer conditions were attempted but were incompatible with the FAM moiety.
ssDNA′-3′-N3 was prepared via diazotransfer of ssDNA´-3´-NH2 was completed using the procedure described by Lartia et al. 7 Briefly, 20 nmol of ssDNA′-3′-N3 was suspended in 65 µL 50 mM NaHCO3 in 3:1 H2O:MeOH, with 1.2 µL 50 mM CuSO4 and 3.6 µL fresh imidazole-1-sulfonyl azide-HCl 8 in 50% MeOH (aq) and heated at 60 C for 2 h. 
